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Remarks 

Claims 21-32 are pending. Claims 21-25 and 27 are amended herein. It is believed that 
these amendments add no new matter. In light of these amendments and the following remarks, 
applicant respectfully requests entry of these amendments, reconsideration of this application, 
and allowance of the claims. 

Amended claims 21, 23, 25 and 27 now recite use of the claimed mutation in any APP 
isoform, for example, the isoforms disclosed in the carryover paragraph on page 2 of the 
Specification, and in the first full paragraph on page 11. Claims 21, 23, 25 and 27 are also 
amended to more accurately recite the present invention. Amended claims 22 and 24 more 
distinctly claim the usefulness of the invention. Support can be found in the specification on 
page 20, lines 24-25. No new matter is believed added by these amendments, and their entry is 
respectfully requested. 

Double Patenting 

Claims 25-28 remain rejected under the judicially created doctrine of obviousness-type 
double patenting as allegedly being unpatentable over claims 1 1 and 12 of U.S. Patent No. 
5,455,169. The Office states that although the conflicting claims are not identical, they are not 
patentably distinct from each other because the specific nucleic acid sequences claimed in claims 
1 1 and 12 of the '169 patent are encompassed within the scope of claims 25-28 in the instant 
claims. 

While applicant does not concede the Examiner's position, a Terminal Disclaimer in 
compliance with 37 C.F.R. § 1.321(c) is submitted herewith. Applicant therefore respectfully 
asserts that this terminal disclaimer effectively renders moot any obviousness-type double 
patenting rejections relating to U.S. Patent No. 5,455,169. By submitting this terminal 
disclaimer, it is understood that applicant does not admit that obviousness-type double patenting 
exists in this case. 
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35 U.S.C. $ 1 12, first paragraph 

Claims 21-24, 29 and 30 remain rejected under 35 U.S.C. § 1 12, first paragraph, as 
allegedly containing subject matter which was not described in the specification in such a way as 
to enable one skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and/or use the invention. After summarizing applicant's previous arguments regarding the 
Office's allegation of lack of enablement, the Office states that "the means through which to 
produce any transgenic animal at the time of the present invention, 1992, is not the issue. The 
issue turns on whether or not the specification provides guidance on producing transgenic animal 
that has a use in the art as taught by the specification." The Office goes on to state that 
applicant's specification states that the transgenic animal can be used to study the progression of 
Alzheimer's disease, to identify treatments and drugs that alter the degenerative progress, arrest 
the development or reverse the progression of Alzheimer's disease, and to identify environmental 
factors that affect the onset of Alzheimer's disease (specification, page 4, parag. 3 and 4). At 
page 5, lines 10-20, the Office goes on to state that 

[t]his use requires that the animal develop a pathogenesis specific for Alzheimer's 
disease. The expression of the encoded protein would not be so specific. Even the 
development of amyloid plaques would not rise to the level of an enabled use for the 
animal as at the time of filing amyloid plaques were known to develop in aged 
humans and aged monkeys (Selkoe, page 432, col. 1, parag. 3, lines 1-10). Unless 
the animal continues from P-amyloid plaque formation to more Alzheimer's disease 
related pathologies, the animal would not have a use under applicant's disclosure. 
While applicant's specifically disclosed mice may express human APP, it is the 
development of Alzheimer's related pathologies that is unpredictable and is what is 
required for use in studying Alzheimer's disease progression and factors that affect 
progression or cause inhibition of Alzheimer's disease. 



The foregoing required use is impermissibly arbitrary because it is substantially narrower 
than what the specification teaches. The specification describes many credible, substantial and 
specific uses for transgenic animals expressing the Swedish mutation, and a great variety of such 
animals have been actually produced according to the specifically disclosed embodiments. 
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Further, there is no legal basis for the Office to arbitrarily determine what the use of applicant's 
invention must be. ". . .[W]hen a compound or composition claim is not limited by a recited use, 
any enabled use that would reasonably correlate with the entire scope of that claim is sufficient 
to preclude a rejection for nonenablement based on how to use." (Underline added.) M.P.E.P. § 
2164.01(c). Thus, the Office has failed to make a prima facie case of lack of enablement 
because applicant provides at least one use of the claimed invention, e.g., studying the 
progression of Alzheimer's Disease. As noted above, the Office acknowledges that applicant's 
specification states this as a use of the claimed non-human transgenic animal. The Office says 
that applicant should point to a place in the specification where there is disclosure that the animal 
"can be used to assay factors affecting APP processing." See page 6, lines 19-20 in the Office 
Action. 

We respectfully observe that the Office Action dated March 10, 2003 is fundamentally 
flawed in the foregoing regard. The premise of the rejection, as stated on page 5, is that certainly 
the transgenic animals can be made, but the issue of enablement "turns upon whether or not the 
specification provides guidance on producing a transgenic animal that has a use in the art as 
taught by the specification." Therefore, the Office acknowledges that the issue of the present 
rejection is one of "how to use," not "how to make" the mice. The Office now asserts that the 
only permitted utility is just as disclosed on page 4 of the Specification in paragraphs 3 and 4. 
The Office presumption is unwarranted that "[t]his use requires that the animal develop a 
pathogenesis specific for Alzheimer's." Although not specifically stated, it seems also that the 
Office believes the claims read upon embodiments that are inoperable for performing the taught 
utility, particularly, because there is suggestion in some of the relevant literature that the 695 
isoform under control of the NSE promoter may not necessarily develop neuropathological 
characteristics that are specific to Alzheimer's. We disagree with the Office assessment and 
presumption, and so respectfully traverse the rejection. 

At the essential core of the enablement rejection stated on page 5 lies a faulty 
presumption. This presumption is that any possible utility for the transgenic animals inherently 
requires the transgenic animals to "develop a pathogenesis specific for Alzheimer's." Even if the 
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transgenic animals are shown to produce the Alzheimer's-characteristic P-amyloid plaques, this 
is asserted to be insufficient because such plaques are nonspecific to Alzheimer's since they also 
appear in Down's patients, aged monkey and dogs. Neither the applicant nor the art has 
anywhere stated that, to be useful, the transgenic animals must essentially develop specific end- 
stage neuropathological features of Alzheimer's as recited by the Office. Though many of them 
do develop such features, it is at most a preferred feature of the claimed transgenic animals, as 
stated on page 9 at lines 20-2 1 . 

We fail to understand how the Office has now elevated a preferred feature of an animal 
model to the status of inoperability or how-to-use lack of enablement. Applicant has disclosed 
other utilities in addition to those recited on page 4. By way of example, see the underlined 
heading on page 20 at line 16 of the Specification, " Model Animals and Cell Lines ." The 
paragraph at lines 18-26 recites utilities not considered by the Examiner, namely, use as animal 
model systems for screening for drugs and evaluating drug effectiveness, and a tool for defining 
the biochemistry of APP and P-amyloid metabolism. These do not require the specific 
pathogenesis as defined by the Office. It is clear error that the Office presumes that a particular 
stage of pathogenesis is required, at least because model utility is also asserted in the 
Specification. 

What is an animal model? It is not necessarily one that develops neuropathological 
features specific only to Alzheimer's. The attached excerpt from Dorland's Illustrated Medical 
Dictionary (27 th ed.) W.B. Saunders & Co. (1988) (Exhibit A) shows that an animal model is 
comprised of any condition found in an animal that is of value in studying a biological 
phenomenon, e.g., a pathological mechanism of an animal disorder. In this context, it is 
sufficient that the transgenic animal translates the claimed mutant mRNA because the expression 
of mutant mRNA is sufficient for studying a biological phenomenon of APP expression. It is 
further sufficient that the animal expresses the mutant form of human APP. It is merely 
preferred that the APP reacts in vivo to form P-amyloid. It is, also, only preferred that the 0- 
amyloid accrete and then agglomerate into plaques, as accretion and agglomeration of plaques 
are both neuropathological conditions of Alzheimer's. It is, further, only preferred that the 
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plaques are associated with hyperphosphorlyated tau which is associated with tangle formation in 
AD. Applicant has disclosed the model-utility, and this does not require full specific Alzheimer's 
pathogenesis as presumed by the Office. It is error to now impose a standard that, in effect, 
requires that each and every utility to which the claimed transgenic animals can be applied must 
relate to full-blown or specific Alzheimer's pathology, or else the claims are nonenabled. It is 
sufficient that a model may be used to test a biological condition, such as the expression level of 
mRNA or mutated APP, or the biochemistry of amyloid precursor protein (APP) or (3-amyloid 
metabolism , which are very important to the understanding of this disease. Furthermore, even if 
plaques are nonspecific as the Office asserts, they are also characteristic of an Alzheimer's 
pathology and can be used as a model. If the Office has a question about enabled utility, it is 
sufficient for Applicant to submit pertinent references showing the truth of statements that the 
Office thinks are untrue. The crux of the present enablement dispute centers upon an observance 
that three references, Malherbe et ah, Quon et al, and Higgins et al. report transgenic mice 
incorporating the APP695 isoform under control of the NSE promoter failed to develop plaques 
as a measure of neuropathological conditions of Alzheimer's. All of these references confirm 
that APP75 1 isoforms under control of the NSE promoter did develop (3-amyloid plaques. The 
issue is relevant because pages 23-25 of the Specification describe use of neuronal promoters 
operably linked to APP isoforms, and the NSE, NFH and Thy-1 promoters linked to APP751 on 
pages 24-25. 

An attached article (Exhibit B), Pierrat et al., 'Two amyloid precursor protein transgenic 
mouse models with Alzheimer disease-like pathology," 94 Proc. Nat'l Acad Sci. 13287-13292 
(1997), describes three lines of transgenic mice expressing the claimed 670/671 (KM>NL) 
mutation under control of the Thy-1 promoter. One line, APP 14, expressed mutant APP75 1 2- 
fold over endogenous expression of APP under control of the human Thy-1 promoter, but did not 
form plaques. Another line, APP 22, expressed mutant APP751 2-fold over endogenous 
expression of APP under control of the human Thy-1 promoter and did form plaques where 
additionally the V717I mutation was inserted. A third line, APP 23, expressed mutant APP751 
(K670M/N671L) under control of the murine Thy-1 promoter and did form plaques. The APP 
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23 line under control of the murine promoter overexpressed the transgene by 7-fold over 
endogenous expression of APP. See Pierrat et al., p. 13288, column 2. In addition to plaques, 
the APP 22 and APP 23 mice show inflammatory processes reminiscent of Alzheimer's (p. 
13289, column 1 ), neuritic loss and distortion of cholinergic fibers in the vicinity of plaques (p. 
13289, column 2), and hyperphosphorylated tau (p. 13290). 

Applicant repeatedly makes note of the advantages of combining the 670/671 mutation 
with the 71 7 mutation, for example, in the last paragraph on page 22 of the Specification. Even 
so, as confirmed by Hsiao et al. and others, use of the 717 mutation is not required. Applicant 
also clearly teaches the Thy-1 promoter (pThy751), described in the specification on page 25, 
lines 7-13. 

The discussion in Pierrat et al. on pages 13290-13291 confirms that exceeding a threshold 
expression of human APP with a FAD-associated mutation is the trigger for plaque-like 
pathology. Pierrat et al. reports that the APP22 mice exceeded this threshold at 200% of 
endogenous expression and formed plaques, while the APP 14 mice expressing at this level did 
not develop plaques. Hsiao et al. reports having exceeded the threshold by expressing at 300% 
and also at 600% of endogenous APP levels, and Games et al. at 700%. Hsiao et al. discusses 
threshold issues in the Background section thereof, indicating a useful range from generally 
upwards of 1 50%. Thus, it is the general opinion of those skilled in the art that the overall 
expression level is responsible for plaque formation — not, as the Office asserts, Hsiao's use of a 
prion promoter in combination with the 695 isoform. 

The art teaches that the precise level of threshold for plaque formation differs for each 
strain of mice and the type of mutation that may be employed. The general point is that an 
expression threshold is exceeded, i.e., a natural mechanism for ridding tissue of p-amyloid is 
overwhelmed. Furthermore, all isoforms tested thus far have been shown to develop plaques in 
transgenic mice. For example, other references of record (Quon et al, Higgins et al., Malherbe et 
al.) have reported plaque formation using the 751 isoform under control of the NSE promoter. 
Hsiao et al. reports plaque formation using the 695 isoform under control of a prion promoter. 
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In any case, the combination of Thy- 1 and the 670/671 and 717 mutations, as taught in 
the specification, were confirmed by Peirrat et al. to produce useful mice. Although this mouse 
was confirmed in Pierrat et al. to form plaques, for all of the reasons stated herein, Applicant 
does not concede that plaque formation is required to have a useful animal. 

What is important and unique about the preferred 670/671 mutation is that, when similar 
expression levels of APP are compared between mutated and nonmutated forms of APP, the 
mutation results in significantly increased levels of plaque-forming (3-amyloid. Applicant noted 
this use of the mutation at ar. interesting cleavage location in the specification from page 14 at 
line 29 to page 15 at line 26. Others have confirmed and reported the truth of this assertion and 
its utility by experimentation. An attached Abstract (Exhibit C), Citron et al, Mutation of the 
beta-amyloid precursor protein in familial Alzheimer's disease increases beta-protein 
production, Nature 1992 Dec. 17; 360 (6405):672-4 shows that the 695 isoform of the 670/671 
mutation produces 6- to 8-fold more beta-APP than is obtained from similar expression levels 
using the non-mutated isoform. "The Met 596 to Leu mutation is principally responsible for the 
increase. These data establish a direct link between a FAD genotype and the clinicopathological 
phenotype " Thus, the specification teaches and the art confirms a use of the present animal to 
study the underlying biochemistry of amyloid precursor protein (APP) or P-amyloid metabolism. 
Because of the expected increase in levels of P-amyloid with the 670/671 mutation, fewer copies 
of the mutated gene are needed . This special feature of the Swedish mutation addresses the 
generic concern about copy number and the increase chance of disruptive integration noted in 
some other cases. 

What this means is that use of the claimed mutation facilitates the development of 
neuropathological p-amyloid plaques (and hence the Alzheimer's cascade) at lower overall 
expression levels of APP. Applicant disclosed the study of all of these parameters as utilities for 
the mutant APP mouse and, in fact, experiments have proven the truth of these statements. The 
Office is not justified in continuing to assert that the only recognized utility requires in every 
instance an Alzheimer's-specific neuropathology. For these and other reasons we have traversed 
the lack of enablement rejection and respectfully request the Office to withdraw the rejection. 
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Applicant provides a non-human transgenic animal in which a mutant APP can be 
expressed and wherein the biochemical pathways of APP metabolism that lead to the deposition, 
accumulation, and aggregation and deposition of (3-amyloid can be studied. Specifically, the 
transgenic animal can be used as "a tool for defining the underlying biochemistry of APP and p- 
amyloid metabolism, which thereby provides a basis for rational drug therapy." See in the 
specification page 20, lines 24-26. Because the application teaches how to make a mouse 
expressing APPSwe, this is an enabled use of the claimed animal. Thus, the Office errs when it 
states that "it is the development of Alzheimer's related pathologies that ... is what is required 
for use in studying Alzheimer's disease progression and factors that affect progression or cause 
inhibition of Alzheimer's disease." See page 5, lines 17-20 in the Office Action. The Office 
also errs when it states that "[i]f the mice or animal only develops plaques, this is not sufficient 
to serve as a model as disclosed since plaques alone are not indicative of Alzheimer's disease." 
See page 6, lines 10-12 in the Office Action. 

The Office has improperly imposed its own determination of a required use of the claimed 
invention in contravention of the uses taught in the application and in the art. Specifically, the 
Office has required that the claimed non-human transgenic animal must manifest senile plaques 
and neurofibrillary tangles for the animal to be useful for the study of the pathogenesis of AD, 
Applicant respectfully points out that the Office fails to understand the term "pathogenesis" 
when it incorrectly asserts that the only use for the claimed animal is to study the course of AD 
and its responses to, for example, drugs and/or environmental factors. "Pathogenesis" is defined 
as "[t]he development of a diseased or morbid condition." See Webster's II New College 
Dictionary, page 805 (Exhibit D). It is well understood that the initial biochemical steps that 
ultimately lead to a manifest disease constitute a part of the development of the disease. Thus, 
one skilled in the art would have recognized that an important use of the claimed invention is to 
study the development of AD via the earliest biochemical and physical changes in a brain that, 
over time, eventually manifests the further signs and symptoms of AD. An animal with 
abnormal APP processing, a hallmark of the Swedish mutation of the present invention, clearly 
has a use. 
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Furthermore, the Office has not based its case of lack of enablement on sufficient scientific 
evidence. "A specification disclosure which contains a teaching of the manner and process of 
making and using an invention in terms which correspond in scope to those used in describing 
and defining the subject matter sought to be patented must be taken as being in compliance with 
the enablement requirement of 35 U.S.C. § 1 12, first paragraph, unless there is a reason to doubt 
the objective truth of the statements contained therein which must be relied on for enabling 
support." M.P.E.P. §2164.04. The Office has not met this burden. 

It was known in the art, at the time of the filing of the application, that an abnormal 
aggregation of (3-amyloid in the brain of a subject is the first step in the pathogenesis of AD. An 
attached reference (Exhibit E), "Amyloid deposition as the central event in the aetiology of 
Alzheimer's disease," Hardy et al., Trends in Pharmacological Sciences, 12(10):383-388, 
October 1991, states that ". . . a pathogenic mutation in the [3-amyloid precursor protein (APP) 
gene on chromosome 21 suggests that APP mismetabolism and [3-amyloid deposition are the 
primary events in the disease process. The occurrence of AD in Down syndrome is consistent 
with this hypothesis. The pathological cascade for the disease process is most likely to be: P- 
amyloid deposition — ► tau phosphorylation and tangle formation — > neuronal death. The 
development of a biochemical understanding of this pathological cascade will facilitate rational 
design of drugs to intervene in this process." (See Abstract.) An abstract (attached as Exhibit F), 
"The seminal role of beta-amyloid in the pathogenesis of Alzheimer disease," Joachim et al., 
Alzheimer Dis Assoc Disord, 6(l):7-34, 1992, teaches that accelerated p-amyloid is an early and 
critical event in many patients with AD. Another example in the art at the time of filing of the 
instant application (attached as Exhibit G), "Deposits of amyloid beta protein in the central 
nervous system of transgenic mice," Wirak et al., Science, 253(501 7):323-5, July 1991, teaches 
that "the 4-kilodalton human amyloid beta protein was expressed under the control of the 
promoter of the human amyloid precursor protein in two lines of transgenic mice. Amyloid beta 
protein accumulated in the dendrites of some but not all hippocampal neurons in 1 -year-old 
transgenic mice. Aggregates of the amyloid beta protein formed amyloid-like fibrils that are 
similar in appearance to those in the brains of patients with Alzheimer's disease." (See 
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Abstract.) It was also established that abnormal APP processing results in (3-amyloid 
aggregation. 

Consistent with the knowledge in the art, the instant specification teaches several enabled 
uses for the claimed animal. For example, the claimed non-human transgenic animal "can be 
used to define further the underlying biochemical events involved in AD pathogenesis. Such 
models could be employed to screen for agents that alter the degenerative course of AD. For 
example, a model system of AD could be used to screen for environmental factors that induce or 
accelerate the pathogenesis of AD. In contradistinction, an experimental model could be used to 
screen for agents that inhibit prevent, or reverse the progression of AD. Such models could be 
employed to develop pharmaceuticals that are effective in preventing, arresting, or reversing 
AD." See in the specification page 4, lines 25-34. Moreover, "such model systems provide a 
tool for defining the underlying biochemistry of APP and (3-amyloid metabolism, which thereby 
provides a basis for rational drug design." See in the specification page 20, lines 23-26. 
Applicant is confident that the teaching in the specification, as pointed out above and to which 
the Examiner alludes, and the art from the time of filing show that this use was both explicitly 
stated and apparent from the art. 

With regard to the Office's allegation that the present invention does not enable a mouse 
that can be used in a screening assay or otherwise as an Alzheimer's Disease model, applicant 
respectfully points out that the Office errs when it assumes that the mouse of the claimed 
invention must necessarily manifest [3-amyloid in the brain to have a use as a model for 
Alzheimer's Disease. While the evidence described herein establishes that such a model can be 
produced without undue experimentation, in fact, the claimed transgenic mouse also has a valid 
enabled use in screening for compounds that affect amyloid precursor protein processing. For 
example, U.S. Patent No. 5,720,936, issued to Wadsworth et al. in 1998, provides a transgenic 
mouse comprising a DNA construct containing an APP gene operably linked to one of several 
promoters (e.g., NSE (as taught in the instant specification), human p actin gene promoter, 
human platelet derived growth factor B chain gene promoter, rat sodium channel gene promoter, 
mouse myelin basic protein gene promoter, human copper-zinc superoxide dismutase gene 
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promoter, and mammalian POU-domain regulatory gene promoter) that can be delivered to a 
fertilized mouse egg by microinjection techniques disclosed in the instant application. This 
transgenic mouse can be used to screen for compounds that may affect the production of APP 
and (3-amyloid peptide in the animal. In this issued patent it is recognized by the Office that this 
use satisfies the requirements of section 1 12 because it is this screening method to which the 
issued claims are directed. It has been established that the claimed mouse can be made and that 
use in assays for compounds that can affect the amount of APP and p-amyloid peptide 
production in the animals is considered by the Office to be a use for section 1 12 purposes. The 
Office has clearly indicated that a transgenic animal can be used to study APP processing in the 
pathogenesis of AD without necessarily recapitulating the pathological cascade of AD. The 
Office's position on this point cannot be disregarded in the present case, where, as here, the issue 
has arisen in a different, but factually similar, case. 

The Office cites previously recited references to allege the lack of enablement of the 
claimed invention. However, applicant respectfully asserts that these references are not relevant 
to the issue of enablement because the Office has arbitrarily determined its own use for the 
claimed invention. In fact, the references cited by the Office are, cn balance, at least as 
supportive of the enablement of the claimed invention as they are supportive of the Office's 
assertion of non-enablement. 

Specifically, the Office continues to reject applicant's arguments that prior disclosures of 
transgenic animals expressing APP isoforms would have led a person of skill to find the novel 
Swedish mutation interchangeable and to expect abnormal levels of (3-amyloid production. The 
Office states that Hsiao, U.S. Patent No. 5,877,399, used the prion promoter to direct expression 
of the Swedish mutant DNA sequence and that this promoter was not contemplated in the instant 
specification. The Office also implies, without support, that it may be the specific promoter used 
that produced the phenotype seen. Not only is this implication unfounded, it is also not 
particularly relevant because art from the time of filing showed that the NSE promoter could 
drive APPSwe expression in a transgenic mouse. See discussion of Quon and Cordell below. 
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The Office cites Malherbe for the allegation that an NSE-APPSwe did not express 
sufficient levels to produce transgenic mice that produced (3-amyloid, neuronal disorganization or 
reactive gliosis up to age one year. In Malherbe, the problem was not the promoter, as alleged 
by the Office. Rather, it was the design of the experiment that led to the reported lack of these 
disease indicators. More specifically, the mouse was examined after only one year. It is 
recognized in this art that significant deposition of p-amyloid often occurs after age one 
depending in part on expression level. The Hsiao mouse and the APP23 mouse show robust 
deposits at around that age although some show diffuse deposits from as early as six months - it 
is partly dependent on expression levels as well of course. (Hsiao, and Proc. Natl Acad. Sci. 
USA Vol. 94, pp. 13287-13292, November 1997 STURCHLER-PIERRAT et al.) Thus, rather 
than showing that the Swedish mutation is not sufficiently expressed to provide a model animal, 
Malherbe at most shows that the construct with the NSE promoter takes longer than the chosen 
study period to manifest the deposits. 

The Office dismisses applicant's assertion that Kappell was misapplied by the Office. 
Specifically, the Office states that Kappell sets forth reasoning why the production of transgenic 
animals is unpredictable, i.e., because there is no means to control where the transgene inserts 
into the genome of the animal, it is allegedly unpredictable as to whether the transgene will be 
silenced or deleted from the genome. The Office states that because the instant application offers 
no methodology to overcome the allegedly unpredictable site of transgene insertion, the 
invention is not enabled. 

One of skill would know how to determine the proper site of transgene insertion through 
routine experimentation. The art regarding transgenic animals in general, and Swedish mutation 
mice specifically, showed that the problems suggested in some of the art could be routinely 
overcome. See, for example, Pierrat et al. and Quon, described above. The specification need 
not disclose what is well-known to those skilled in the art and preferably omits that which is 
well-known to those skilled and already available to the public. In re Bucher, 929 F.2d 660, 661 
(Fed. Cir. 1991). The asserted fact basis for this rejection has been contradicted by numerous 
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examples from the same art. Thus, the rejection is believed to be unsupported, and its 
withdrawal is respectfully requested. 

The Office dismisses applicant's assertion that Lannfelt was misapplied by the Office. 
Specifically, the Office states that Lannfelt does not state that the mutant APP isoforms will 
result in mice exhibiting Alzheimer's disease pathologies, only that they are more likely since 
they are associated with the disease. 

As previously argued, the Office has failed to take the teaching of Lannfelt et al. as a 
whole, so that the conclusion drawn is a negative overstatement of Lannfelt et al.'s teaching. In 
fact, Lannfelt et al. supports the utility and enablement of the presently claimed animals by 
suggesting that the approach applicant teaches is more likely than other approaches to produce a 
useful animal. More specifically, Lannfelt et al. states that "... there are no published reports of 
the use of mutant AD pathogenic sequences in transgenics. It is likely that such sequences are 
more likely to lead to p-amyloid deposition. Unfortunately, this lack of reports almost certainly 
reflects the fact that most of the groups which have made such mice are either in commercial 
organizations, or sponsored by them." (Emphasis added.) See page 211, column 1 , first full 
paragraph. Clearly, Lannfelt et al. implies that lack of reported successes is here attributed to the 
lack of reporting, not the lack of successes. 

Further, Lannfelt et al. supports applicant's assertion that the claimed invention is useful, 
specifically as a model for studying APP metabolism and p-amyloid aggregation. Lannfelt et al. 
teaches that "P-amyloid deposition in the brain is a diagnostic hallmark of AD, and has most 
probably a causative role in the disease, p-amyloid is a highly aggregating ~ 40 amino acid 
peptide that is a break down product of the larger precursor, APP." See page 208, col. 1, 
paragraph 1 . An animal having a hallmark of AD has as a use that is the study of the hallmark 
and its development. 

Thus, rather than being relevant for teaching that the production of the present mutant 
APP mouse model would be problematic, Lannfelt et al. is highly relevant in its suggestions that 
mutant APP-expressing mice as claimed are more likely to be useful and that some of these 
transgenic mice had already been made. Further, Lannfelt et al. teaches that P-amyloid is 
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important in the pathogenesis of AD and that studying its metabolism is useful for learning about 
the development of AD. This is a use that is specifically taught in the present application. 

The Office Action rejects applicant's argument that the Office has misapplied Higgins. 
Specifically, the Office alleges that because mice with the APP695 mutation rarely manifested 
immunoreactive deposits that stain with mAb 4. 1 , the claimed invention is unpredictable. 

"The 'predictability or lack thereof in the art refers to the ability of one skilled in the art to 
extrapolate the disclosed or known results to the claimed invention. If one skilled in the art can 
readily anticipate the effect of a change within the subject matter to which the claimed invention 
pertains, then there is predictability in the art." M.P.E.P. § 2164.03. The art can admit some 
degree of unpredictability and still support enablement by showing that one of skill views the 
potential problems as an accepted aspect of the experimentation in which one would routinely 
engage. Furthermore, there is little question in the art whether a mouse with the Swedish 
mutation will predictably produce abnormal levels of p-amyloid, which in itself is a use. 

More specifically, the Office's assertion regarding the teaching of Higgins et al. is not 
supported in that reference. In fact, Higgins et al. teaches that mice can express the human APP 
695 gene and produce p-amyloid peptide, although this is rare. Moreover, what the Office fails 
to acknowledge is that Higgins et al. shows that transgenic mice that express the human APP 751 
gene did indeed manifest neuropathologies associated with Alzheimer's Disease. Specifically, 
mice expressing the human APP 75 1 gene had preamyloid deposits that stained with a 
monoclonal antibody (mAb 4.1). (See page 225.) Further, the APP 751 mice showed evidence 
of numerous neuropil threads and neurofibrillary tangles, detected with monoclonal antibody 
Alz50. These features are described as "features of early Alzheimer's disease (AD) pathology." 
(See Abstract). Thus, Higgins et al. supports the enablement of the claimed non-human 
transgenic animal, even though some unpredictability may exist. 

The Office continues to allege that mice as a species are resistant to expressing a mutant 
APP gene, for example APP695, as stated in Higgins et al. and rejects applicant's argument that 
Hsiao ( £ 399) shows that mice expressing APP695 have AD pathologies. The Office states that 
because Hsiao used a prion promoter with the mutated nucleotide sequence and obtained AD 
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pathologies, and because Malherbe showed that mice with NSE-APP695Swe did not develop p- 
amyloid deposits, that it is reasonable to conclude that the prion promoter is the agent that 
brought the particular Alzheimer's pathologies seen in the mice in Hsiao. 

"In order to make a rejection, the Examiner has the initial burden to establish a reasonable 
basis to question the enablement provided for the claimed invention." In re Wright, 999 F.2d 
1557 (Fed Cir. 1993). (Underline added.) "A specification disclosure which contains a teaching 
of the manner and process of making and using an invention in terms which correspond in scope 
to those used in describing and defining the subject matter sought to be patented must be taken as 
being in compliance with the enablement requirement of 35 U.S.C. § 112, first paragraph, unless 
there is a reason to doubt the objective truth of the statements contained therein which must be 
relied on for enabling support. Assuming that sufficient reason for such doubt exists, a rejection 
for failure to teach how to make and/or use will be proper on that basis. In re Marzocchi, 439 
F.2d 220, 224 (CCPA 1971). As stated by the court, 'it is incumbent upon the Patent Office, 
whenever a rejection on this basis is made, to explain why it doubts the truth or accuracy of any 
statement in a supporting disclosure and to back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement. " (Underline added.) 
To the extent that the Office asserts the 695 isoform is resistant to plaque formation, this is 
irrelevant to the other asserted utilities in mice still expressing the isoform. To the extent that the 
Office may, regardless, continue to rely upon Higgins and Malherbe for the assertion, applicant 
has rebutted the Office assertion by an evidentiary showing that the overall expression level is 
responsible for plaque formation. 

The Office's allegation that "it is reasonable to conclude that the prion promoter is the 
agent that brought the particular Alzheimer's pathologies observed in the Hsiao mice" is not 
supported by any acceptable scientific evidence. In fact, the Office's statement is contra to the 
knowledge in the art at the time of filing of the present application. For this reason, applicant 
believes that this rejection has no basis and respectfully requests its withdrawal. 
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One skilled in the art would recognize at the time of filing of the instant application that 
the level of transcription of a mutant nucleotide sequence could be affected by the choice of 
promoter. Thus, it would be routine for a person of skill to construct various expression vectors 
with different promoters to look for a transgenic animal with increased expression of mutant 
APP and p-amyloid. Further, applicant believes it is error for the Office to assume that the prion 
promoter of Hsiao was responsible for the amyloid deposits seen in those mice. Instead, the 
promoter produced a level of expression of APP that was conducive to the formation of the p- 
amyloid deposits. Thus, applicant believes that this basis for the rejection should be withdrawn. 

The Office Action rejects applicant's argument that the Office has misapplied 
Felsenstein. Specifically, the Office alleges that the claimed invention is not enabled because 
Felsenstein states that no animal model exists that can recapitulate the pathological cascade of 
Alzheimer's Disease. The Office also alleges that, even though Felsenstein acknowledged that 
rats may not be the proper model for AD and that older rats, had they been studied, may have 
manifested P-amyloid deposits, because the instant application does not teach that older rats 
would have such deposits, the claimed invention is not enabled. The Office further states that as 
there is no disclosure in the instant specification for the use of the animals to study APP 
processing, applicant cannot at this point say that is their invention. 

The rats in Felsenstein are exemplary of only one species of animal, and one failure to 
demonstrate lack of APP expression in rats does not mean that the claimed invention is not 
enabled. Moreover, applicant believes that the rats were too young when they were studied so 
that the reported results do not necessarily reflect what would have resulted, had the experiment 
been carried out for a longer period of time. Further, as asserted above, the instant application 
does disclose use of the claimed non-human transgenic animal for studying APP processing and 
biochemical pathways. 

The Office's failure to address applicant's argument regarding Quon and U.S. Patent No. 
5,387,742, issued to Cordell is significant. The Quon mouse is a credible model for studying the 
neuropathology of AD. Quon et al. supports the enablement of a non-human transgenic animal 
that expresses a mutant APP driven by the NSE promoter, and the reference also supports the 
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usefulness of an animal model to study the pathogenesis, i.e., development, of the 
neuropathological findings of AD without requiring that the animal have late manifestations of 
AD. This reference was published and known to persons of skill in the art about one year before 
the filing of the instant application. These authors constructed a chimeric gene comprising 
human APP 75 1 and rat neural-specific enolase (NSE) and expressed the construct in mice, 
resulting in the deposition of p-amyloid deposits in the cortex and hippocampal brain regions of 
the transgenic mice that distinguished the transgenic mice from control mice. Thus, at the time 
of filing of the present application, it was known in the art how to make and use a transgenic 
mouse that expresses a human APP. The present application teaches a construct comprising a 
mutant APP770 and a neural-specific enolase (NSE) promoter. Because the steps for making 
these animals are essentially the same, regardless of the APP isoform, a transgenic animal 
containing the NSE promoter and a mutant APP 770 gene, as enabled in the application, could be 
made without undue experimentation and reasonably expected to have a substantial and specific 
use. 

Further evidence of the state of the art of making transgenic animals at the time the 
instant application was filed, is found in U.S. Patent No. 5,387,742, which was filed on June 17, 
1991 (about one year before the filing date of the instant application) and issued to Cordell et al. 
in 1995. In the '742 patent, the patentee teaches how to make and use two strains of transgenic 
mice, one strain whose cells contain a DNA sequence, comprising a nerve tissue specific 
promoter (rat NSE) operably linked to a DNA sequence that encodes APP 751, and the other 
strain whose cells contain a DNA sequence, comprising rat NSE operably linked to a DNA 
sequence that encodes APP 770. Each DNA construct is integrated in the genome of the mice 
and expressed to form p-amyloid deposits in the brain of the mice. See col. 36, lines 25-36. The 
'742 patent is evidence that at least one year before the instant application was filed, persons of 
skill in the art had the knowledge to make and use transgenic mice that express an APP sequence 
that encodes APP and forms P-amyloid deposits in the brain of the mice without undue 
experimentation. 
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Because the teaching of the '742 patent is presumed enabled, applicant believes that the 
facts of the instant application, i.e., the disclosure of a non-human transgenic animal that can 
express a mutant APP, when assessed against the same legal standard, as applied to similar facts 
in the '742 patent, should lead the Office to come to the same conclusion. Specifically, the 
claimed invention is enabled. 

In conclusion, applicant believes that, given the knowledge of the art and the teachings of 
the instant application, one of skill, at the time of filing of the application, would have been able 
to make the claimed non-human transgenic animal. Moreover, one skilled in the art could use 
the claimed invention to study the underlying biochemistry of APP and p-amyloid metabolism, 
which thereby provides a basis for rational drug design. Because these uses were disclosed in 
the application and validated in the art at the time of filing, applicant believes that the claimed 
invention is enabled and respectfully requests that this rejection be withdrawn. 
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Pursuant to the above amendments and remarks, reconsideration and allowance of the 
pending application are believed to be warranted. The Examiner is invited and encouraged to 
directly contact the undersigned if such contact may enhance the efficient prosecution of this 
application to issue. 

Credit Card Payment Form PTO-2038 authorizing payment in the amount of $895.00 
(representing $375.00 RCE fee; $465.00 three-month extension of time fee; and $55.00 Terminal 
Disclaimer fee — SMALL ENTITY), is enclosed. This amount is believed to be correct; 
however, the Commissioner is hereby authorized to charge any additional fees which may be 
required or to credit any overpayment to Deposit Account No. 14-0629. 



Respectfully submitted, 
NEEDLE & ROSENBERG, P.C. 

Gwendolyn D. Spratt 
Registration No. 36,016 



NEEDLE & ROSENBERG, P.C. 
Customer Number 23859 
( 678) 420-9300 
(678)420-9301 (fax) 



Certificate of Mailing Under 37 C.F.R. § 1.8 

I hereby certify that this correspondence, including any items indicated as attached or included, is being deposited with the United States Postal 
Service as first class mail in an envelope addressed to: MAIL STOP RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313- 
1450, on the date indicated below 



Gwendolyn D. Spratt Date 
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mnemic (ne'mik) mnemonic. 

mnemonic (ne-mon'ik) [Gr. mne~monikos pertaining to mem- 
ory] pertaining to, characterized by, or promoting recol- 
lection, or memory, 
mnemonics (ne-mon'iks) the cultivation or improvement 

of memory by special methods or techniques. 
M.O. Medical Officer. 
Mo chemical symbol for molybdenum. 

Moban (mc/ban) trademark for a preparation of molin- 
done hydrochloride. 
Mobilina (mo"bMi'nah) [L. mobilis mobile] a suborder of 
mobile, usually conical or cylindrical or discoidal and orally 
and aborally flattened ciliate protozoa (order Peritrichida, 
subclass Peritrichia), characterized by the presence of a 
ciliary girdle and a complex thigmotactic apparatus at the 
aboral end, often with a highly distinctive denticulate ring of 
"teeth." All species are ectoparasites or endoparasites of 
freshwater or marine vertebrates and invertebrates, and 
those found on the gills of fish are pathogenic, 
mobility (mo-bil'I-te) [L. mobilitas] 1. capability of move- 
ment, of being moved, or of flowing freely. 2. rate of move- 
ment of a charged particle in an applied electric field, 
electrophoretic m., 1. the rate of migration (in cm/a) per 
unit electric field strength (V/cm) of a charged particle in 
electrophoresis. Symbol, u.. 2. any measure of the rate of 
migration of an ionic species in electrophoresis, e.g., yS 
electrophoretic mobility, designating the electrophoretic mo- 
bility of a beta globulin. 
■' mobilisation (mo"bMi-za'shun) the process of making a 
ri fixed part or stored substance mobile, as by separating a part 
from surrounding structures to make it accessible for an 
operative procedure or by causing release into the circulation 
for body use of a substance stored in the body, stapes 
m., surgical correction of immobility of the stapes, in treat- 
ment of deafness resulting from otosclerosis, 
mobilometer (mo''bil-om'e-ter) an instrument for mea- 
suring the consistency of liquids Buch as oil, cream, liquid 
foods, etc. 

Mobilis' disease, sign, syndrome (me / be-us) [Paul Julius 
Mobius, German neurologist, 1853-1907] see under dis- 
ease, sign, and isyndrome. 

MOCA a regimen of methotrexate , Oncovin (vincristine), 
cyclophosphamide, and Adriamycin (doxorubicin), used in 
cancer chemotherapy. 

moccasin (mok'ah-sin) a common name applied to several 
species of snakes, but usually denoting the venomous semi- 
aquatic pit viper Agkistrodon piscivorus, or water moccasin, 
less frequently A. contortrix, or Highland moccasin. See table 
accompanying snake. , 

mocezuelo (mo"se-zwa / lo) [Mexican] trismus neonatorum. 

mock-up (mok'up) a full-sized model of an apparatus or 
other equipment constructed out of substitute materials, used 
in instruction or for study and improvement of design. 

modality (mo-dalT-te) 1. a homeopathic term signifying a 
condition which modifies drug action; a condition under 
which symptoms develop, becoming better or worse. 2. a 
method of application of, or the employment of, any thera- 
peutic agent; limited usually to physical agents. 3. a spe- 
cific sensory entity, such as taste. 

mode (mod) [L. modus measure, manner] 1. the value at 
which the peak of the theoretical frequency distribution 
underlying the sample data occurs; usually referred to as the 
most frequently occurring value in a statistical sample or 
population. 2. a relative maximum of the density function 
of a probability distribution, a value occurring more fre- 
quently than values immediately above and below; a distribu- 
tion with two peaks is bimodal. 
model (mod'el) 1. something that represents or simulates 
something else; a replica. 2. a reasonable facsimile of the 
body or any of its parts; used for demonstration and teaching 
purposes. 3. cast, def. 5. 4. to imitate another's behavior; 
see modeling, animal m., any condition foiind in an ani- 

ma l that ia o f valu e in s tudying a b i ological phenomenon, e .g., 

a pathological mechanism of an animal disorder useful in 
studying human disease, 
modeling (mod'el-ing) a behavior modification technique 
in which the patient is taught to imitate the desired behavior 
of another. 

moderator (mod'er-a-tor) in nuclear chemistry and phys- 



ics, a substance, such as graphite or beryllium, used to cut 
down the flux of subatomic particles or radiation by absorp- 
tion of the same. 

Moderil (mod'er-il) trademark for a preparation of rescin- 
namine. 

modification (mod"I-fi-ka'shun) the process or result of 
changing the form or characteristics of an object or Bub- 
etance. behavior m., see under therapy, racemic m., 
see racemate. 

modioliform (rno"de-o'll-form) shaped like the hub of a 
wheel. 

modiolus (mo-di'o-lus) [L. "nave," "hub"] [NA] the central 
pillar or columella of the cochlea; called also columella 
cochleae. 

Mod* praesc. abbreviation for L. mo'do praescrip'to, in 

the way directed, 
modulation (mod"u-la'shun) [L. modulare to measure] the 

normal capacity of cell adaptability to its environment. 

antigenic m., alteration or loss of reactivity of cell surface 

antigens resulting from redistribution of antigenic sites due 

to the presence of bound antibody, 
modulator (mod"u-la'tor) a specific inductor that brings 

out characteristics peculiar to a definite region. 
Moduretic (mod"u-ret'ik) trademark for preparations of 

amiloride hydrochloride with hydrochlorothiazide. 
MODY maturity-onset diabetes of youth. 
Moe plate (mo) [John H. Moe, American surgeon, born 1905] 

see under plate. 
Moebius see Mobius. 

Moeller's glossitis (me'lerz) [Julius Otto Ludwig AfoeZZer, 
German surgeon, 1819-1887] see under glossitis. 

Moeller-Barlow disease (me'ler-bar'lo) [J. O, L. Moeller; 
Sir Thomas Barlow, London physician, 1845-1945] see un- 
der disease. > 

Moenckeberg (menk'e-berg) see Monckeberg. 

Moentjang tina the Malay term in Indonesia for intoxi- 
cation caused by the use in food of oil obtained from the fruit 
of the tropical tree Hernandia sonora L. (Hernandiaceae). 
Ordinarily the oil is used only in lamps. 

Moerner-Sjoqvist method, test (mer'ner-syek'vist) [Carl 
Thore Moemer, Swedish physician, 1864-1917; John August 
Sjoqvist, Swedish physician, 1863-1934] see Sjbqvist 
method, under method. 

mogi- [Gr. mogis with difficulty] a combining form mean- 
ing difficult, or with difficulty. 

mogiarthria (moj-e-ar'thre-ah) [mogi- -f Gr. arthroun to ut- 
ter distinctly -f -ia] a form of dysarthria in which there is 
defective coordination of the muscles involved. 

mogilalia (moj-e-lale-ah) [mogi- + ZaZia chatter] difficulty 
in speech; stuttering. 

mogiphonia (moj-e-fo'ne-ah) [mogi- -f Gr. phdne voice] 
difficulty in making vocal sounds. 

Mohr*S test (morz) [Francis Mohr, American pharmaceutical 
chemist] see under tests. 

Mohrenheim's fossa, triangle (mo'ren-himz) [Baron Jo- 
seph Jacob Freiherr von Mohrenheim, Austrian surgeon, 
1759-1799] fossa infraclavicularis. 

Mohs hardness number (moz) [Friedrich Mohs, German 
mineralogist, 1773-1839] see under number. , 

Mohs' technique (chemosurgery, surgery) (moz) 
[Frederic Edward Mohs, American surgeon, born 1910] 
see under technique. 

moiety (moi'5-te) [Fr. moitie, from L. medietas, medius, mid- 
dle]- any equal part; a half- also any part or portion, 
carbohydrate m., a carbohydrate-derived portion of the 
structure of a molecule, corrin m. f a complex ring sys- 
tem in the vitamin B w molecule, closely related to the 
porphyrins of the cytochromes. 

moist (moist) somewhat wet; damp. 

mol (mol) mole, def. 3. 



molal dm/lal) cuhtalnlng one mole of solute per kilogram 
of solvent. NOTE: molal refers to the weight of the solvent, 
molar to the volume of the solution. 

molality (mo-lall-to) . the number of moles of a solute per 
kilogram of pure solvent. NOTE molality refers to the weight 
of the solvent, molarity to the volume of the solution. 

molar (mo'lar) 1. [L. mo lea mass] pertaining to a mass; not 
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ABSTRACT Mutations in the amyloid precursor protein 
(APP) gene cause early-onset familial Alzheimer disease (AD) 
by affecting the formation of the amyloid p (Ap) peptide, the 
major constituent of AD plaques. We expressed human APP751 
containing these mutations in the brains of transgenic mice. 
Two transgenic mouse lines develop pathological features 
reminiscent of AD. The degree of pathology depends on 
expression levels and specific mutations. A 2-fold overexpres- 
sion of human APP with the Swedish double mutation at 
positions 670/671 combined with the V717I mutation causes 
Ap deposition in neocortex and hippocampus of 18-month-old 
transgenic mice. The deposits are mostly of the diffuse type; 
however, some congophilic plaques can be detected. In mice 
with 7-fold overexpression of human APP harboring the 
Swedish mutation alone, typical plaques appear at 6 months, 
which increase with age and are Congo Red-positive at first 
detection. These congophilic plaques are accompanied by 
neuritic changes and dystrophic cholinergic fibers. Further- 
more, inflammatory processes indicated by a massive glial 
reaction are apparent. Most notably, plaques are immunore- 
active for hyperphosphorylated tau, reminiscent of early tau 
pathology. The immunoreactivity is exclusively found in con- 
gophilic senile plaques of both lines. In the higher expressing 
line, elevated tau phosphorylation can be demonstrated bio- 
chemically in 6-month-old animals and increases with age. 
These mice resemble major features of AD pathology and 
suggest a central role of Ap in the pathogenesis of the disease. 



The pathological hallmarks of Alzheimer disease (AD) are 
amyloid plaques and neurofibrillary tangles (1) composed of 
amyloid p (Aj3), a 39- to 43-amino acid peptide (2, 3) and 
hyperphosphorylated tau (4, 5). In addition, extensive neuritic 
degeneration has been described including a dramatic loss of 
cholinergic fibers (6, 7). The A/3 peptide is thought to play a 
central role in AD pathogenesis, as suggested by mutations in 
the gene encoding its precursor, amyloid precursor protein 
(APP) that are linked to forms of early-onset familial AD 
(FAD) (8, 9). These mutations either cause an elevated 
production of total A/3 (10, 11) or increase the more fibrillo- 
genic A/3-(l-42) (12, 13). 

Numerous attempts focusing on transgenic expression of 
human APP (14-19) have been made to obtain a valid animal 
mode! of AD. However, only two transgenic mouse lines have 
been described that develop Aj3 deposits characteristic of AD 
(20, 21). We have generated various transgenic mice that 
express human APP 75l . Two of these lines that differ in 
transgene-derived APP expression levels and FAD mutations 
develop plaque-like AjS deposits in neocortex and hippocam- 
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pus to different degrees. They also display additional aspects 
of AD pathology not commonly associated with the Ap 
peptide. 

MATERIALS AND METHODS 

Expression Constructs and Transgenic Mice. Transgenic 
constructs used in this study contain human (19) or murine 
(22) Thy-1 expression cassettes and human APP 751 cDNAs 
starting with an optimized Kozak consensus sequence and 
extending to nucleotide 3,026 (Hindlll site) as described (19). 
The human APP cDNAs carry either the Swedish double 
mutation at positions 670/671 (KM->NL) (8) alone or in 
conjunction with the London mutation ( V717I) (9). Construct 
APP 14 utilizes the human Thy-1 cassette to drive human 
APP751 Swedish and was described in detail in a previous study 
(19). The APP 22 expression construct is identical to APP 14 
except for the additional V717I mutation in the human APP 
cDNA. It was generated by replacing a 600-bp BglllSpel 
fragment of human APP 751 cDNA with the corresponding 
fragment carrying the V717I mutation. To generate the con- 
struct for APP 23, the APP751 cDNA with the Swedish 
mutation was inserted into the blunt-ended Xhol site of the 
expression cassette containing the murine Thy-1. 2 gene (22). 
Vector sequences were removed by Noil and Notl/Pvu} di- 
gestion for APP 14/APP 22 and APP 23, respectively. Injec- 
tion and manipulation of mice were identical to described 
procedures (19). 

RNA Quantification. Transgene mRNA was quantified by 
reverse transcription-coupled PCR (23). In brief, total RNA 
from brains of transgenic mouse lines APP 14, 22, and 23 was 
isolated and transcribed into cDNA. Fragments of APP har- 
boring the Ap region were amplified by PCR using primers 
5 ' - ACCACCGTGG AGCTCCTTCCCGTG A A-3 ' and 5'- 
GCAACTGCAGTGTGTACTGTTTCTTC-3', specific for 
sequences common in human and murine APP. Fragments 
were directionally subcloned into M13 replicative form DNA, 
and dual filter lifts from plaque-containing plates were hy- 
bridized with oligonucleotides 5 ' - A ATTCTG CATCCATCT- 
TCACTTCCGA-3' and 5 '-A ATTCTG CATCCAGATTCAC- 
TTCAGA-3', discriminating mouse wild-type and mutated 
human APP. 

In Situ Hybridization. In situ hybridization was performed as 
described (24). A 33 P-Iabeled oligonucleotide probe, 5'-AG- 
CCTCTTCCTCTACCTCATCACCATCCTCATCGTCCTC- 
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G-3', complementary to coding sequence of human APP 
between nucleotides 859 and 898 was used at a final concen- 
tration of 2 pmol/ml. The hybridized slides were exposed to 
0~max film (Amersham) for 3 days. 

Western Blots. Cerebral cortices were homogenized in 10 
vol of 50 mM Tris-HCl, pH 8/1% Nonidet P-40/5 mM 
dithiothreitol/100 mM NaCl/5 mM EGTA/50 mM NaF/1 
mM sodium orthovanadate/100 nM ocadaic acid/1 X com- 
plete protease inhibitor mixture (Boehringer Mannheim) 
mixed with an equal volume of 2'< SDS sample buffer and 
processed as described (25). Samples were electrophoresed on 
SDS/polyacrylamide minigels, the proteins were transferred 
to Immobilon P (Millipore ) membranes, and the Western blots 
were probed with antibodies AT8 (Innogenetics, Gent, Bel- 
gium) (26, 27), R27 (28) and tau7, which was raised against tau 
purified from adult rat brain and recognizes tau from multiple 
species (29). Peroxidase-conjugated goat anti-mouse IgG (Di- 
anova, Hamburg, F.R.G.) or peroxidase-coupled goat anti- 
rabbit IgG (Dianova) was used as a second antibody. The 
imrnunoblots were developed with the ECL system (Amer- 
sham). 

Histology. Heterozygous mice from line APP 22 were 
analyzed at 12 (n = 3) and 18 months (n ~ 3). Heterozygous 
APP 23 mice were sacrificed at 6 (n ~ 9), 9 (n = 12), 12 (n = 
6), 15 (n = 4), 18 (n = 3), and 24 (n = 3) months. Equivalent 
numbers of nontransgenic littermates served as controls. Mice 
were perfused with 4% paraformaldehyde in phosphate- 
buffered saline. Paraffin sections (4 f±m) of mouse brain were 
stained with hematoxilin/eosin, methenamine silver, Congo 
Red, Holmes luxol, and Gallyas silver iodide (30). Immuno- 
histochemical staining was performed on deparaffinized brain 
sections. Anti-MAC-1, acetylcholinesterase (31), major histo- 
compatibility complex (MHC) class II, complement C3, and 
anti-tau histochemistry was performed with 40-jLim free- 
floating fixed frozen sections. To enhance antigenicity for 
NF200, glial fibrillary acidic protein (GFAP), and tau anti- 
bodies, dewaxed sections were rehydrated and treated for 30 
minby immersion in citrate buffer at 90°C. Primary antibodies 
directed against the AJ3 peptide (32) are summarized in Table 
1. In addition, anti-heparan sulfate monoclonal antibody 10E4 
(Seikagu, Tokyo); anti-neurofilament NF200 (NovoCastra, 
Newcastle, U.K.); anti-APP 474 raised against purified rat 
APP S ; anti-apolipoprotein E antibody; anti-MAC-1 and anti- 
MHC class II (Serotec), anti-GFAP and anti-phosphotyrosine 
PT-66 (Sigma); anti-mouse complement C3 (Cappel, ICN); 
anti-PHFl (33) recognizing tau phosphoserine 396 and 402; 
AT8 monoclonal antibody (Innogenetics) (26, 27) recognizing 
phosphoserine 202; R27 (28) raised against phosphorylated 
serine 396; R32 (28) raised against phosphorylated serine 262, 
N-tau 5 raised against a tau peptide as described (34), and 
monoclonal antibody Alz50 (35) were used. Sections were 
treated with normal serum to block nonspecific sites and 
incubated overnight at 4°C with the primary antibody. Bound 
antibody was visualized by using a Vectastain ABC Elite kit 
(Vector Laboratories). 

Table 1. Aj3 antibodies recognizing mouse and human plaques 



Antibody 


Antigen residues 


Dako 


8-17 


nth 


1-40 


pi 


1-40 


AS 1-5* 


1-5 


AS 12-28 


12-28 


AS 40/18* 


17-40 


AS 42/14* 


36-42 


AS 43/15* 


36-43 



RESULTS 

APP Overexpression in Brains of Transgenic Mouse Lines 
Controlled by the Thy-1 Promoter. Expression cassettes con- 
taining the Thy-1 promoter were used to drive neuron-specific 
APP expression in transgenic mice (Fig. 1). The two mouse 
lines APP 14 (19) and APP 22 carry the human Thy-1 
promoter to drive expression from different APP cDNAs. The 
APP 14 construct contains human APP 75 i with the Swedish 
double mutation at positions 670/671 (KM -* NL), the APP 
22 expression unit carries the London mutation (V717I) in 
addition. Both constructs result in comparable spatial expres- 
sion patterns with highest transgene-derived mRNA levels in 
neocortex and hippocampus as shown for APP 22 mice (Fig. 
2A). In both lines, mRNA levels exceed endogenous APP 
mRNA by 2-fold (data not shown) as determined by semi- 
quantitative PCR. In a third line, APP 23, APP 751 Swedish 
expression is driven by the murine Thy-1 promoter. The spatial 
expression pattern (Fig. 25) is qualitatively similar to APP 14 
and APP 22 mice; however, the transgene is 7-fold overex- 
pressed. The degree of APP overexpression was confirmed by 
Western blotting for all three mouse lines (data not shown). 

APP 22 and APP 23 Transgenic Mice Develop A/3 Deposits 
in Neocortex and Hippocampus. Whereas APP 14 mice do not 
show any indication of AD pathology up to an age of 2 years 
(data not shown), A/3 deposits are detected in neocortex and 
hippocampus of 18-month-old but not 12-month-old APP 22 
mice (Fig. 2C). The higher expressing APP 23 line shows first 
rare deposits at 6 months of age. They increase with age in size 
and number and eventually occupy a substantial area of the 
neocortex and hippocampus in 24-month-old mice (Fig. 2D). 
At this age deposits are also found in thalamus and olfactory 
nucleus and isolated in the caudate putamen. In both lines, all 
deposits show immunoreactivity with different antibodies spe- 
cific for A/3 (Fig. 2 C and D and Table 1), which are comparable 
to the results obtained on brains from AD patients (data not 
shown). It is noteworthy that immunoreactivity with :he end- 
specific A/342 antibody in APP 22 mice appears similar in 
intensity to that obtained in sections from the higher- 
expressing APP 23 mice, reflecting the impact of the mutation 
at position 717 on the production of the more amyloidogenic 
A0-(l-42) (12). Typical plaque-associated proteins in AD such 
as heparan sulfate proteoglycan and apolipoprotein E, which 
bind to Aft are also present in most deposits (data not shown). 
No differences are seen between male and female mice. 

Differences in Plaque Anatomy in APP 22 and APP 23 Mice. 
When compared directly, the intensity of the A/3 and heparan 
sulfate proteoglycan-specific immunostaining is much stronger 



APP 1 4 



APP22 



M3 



APP 23 



-Hh 



"These antibodies specifically recognize Aj3 amino acids 1, 40, 42, and 
43, respectively. 



Fig. 1. Transcription units for APP transgenic mice. The diagrams 
are linear representations of the injected expression constructs and are 
labeled accordingly, Exons of the human Thy-1 gene are illustrated as 
solid boxes, and stippled boxes indicate sequences of simian virus 40 
tumor antigen at the 3' end of APP 14 and APP 22 constructs. Hatched 
boxes represent the murine Thy-1 exons used in the APP 23 construct. 
APP751 cDNAs are shown as open boxes with vertical lines marking the 
positions of the respective Swedish (S) and London (L) FAD muta- 
tions. 
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Fig. 2. Expression of APP mRNA and deposition of A/3 in brains of transgenic mice. (A, C, and E) Sections taken from 18-month-old APP 
22 mice, (B, D t and F) Sections from 24-month-old APP 23 mice. In situ hybridization on sagittal sections of brains from mouse line APP 22 {A) 
and APP 23 (B) was performed with an oligonucleotide probe specific for human APP. cp, Caudate putamen; cx, cortex; hi, hippocampus. (Bars = 
1 mm.) Immunohistochemistry (C and D) and Congo Red staining (E and F) of sagittal sections from brains of transgenic mice. Immunostaining 
was performed with an antibody raised against A/38-17 (Dako). (Bars = 100 /xm.) Arrowheads point to identical deposits in D and F. 



in deposits of APP 23 mice. Consistent with this notion, the 
majority of deposits in APP 22 mice are of the "diffuse" type. 
Relatively few Congo Red-positive plaques are present in the 
neocortex and the subtculum (Fig. IE). In contrast, almost all 
extracellular deposits in APP 23 mice are intensely stained 
with methenamine silver and at their first appearance already 
show Congo Red birefringence (Fig. IF) indicative of dense 
core plaques. 

Inflammatory Responses in Brains of APP Transgenic 
Mice. In addition to A/3 deposition, inflammatory processes 
reminiscent of AD occur in these mice. In both lines, a massive 
glial response can be demonstrated in brain areas with plaques, 
which is more pronounced in APP 23 mice and hence corre- 
lates with the higher burden of congophilic plaques. Immu- 
nocytochemistry for GFAP (Fig. 14), phosphotyrosine (Fig. 



3C), MAC-1 (Fig. 3B), MHC class II, and complement C3 
suggest a contribution from both astrocytes and microglia. 

Neuritic Loss and Distortion of Cholinergic Fibers Are 
Observed in the Vicinity of Plaques. Plaques are surrounded 
by dystrophic neurites visualized by neurofilament (Fig. 4C), 
APP, and synaptophysin (data not shown) immunostaining 
that are only seen at the outer margin of dense compacted A/3 
deposits. In areas of high cell density, such as hippocampal 
pyramidal cells, a reduction of cell bodies adjacent to the A/3 
peptide deposition is apparent (Fig. AD). Although this may 
simply be cell displacement, the lack of compression of the 
intracellular space suggests local loss of neurons in the plaque 
vicinity. When stained for acetylcholinesterase, a strong label- 
ing of plaques and a local distortion of the cholinergic fiber 
network is observed (Fig. 44). Acetylcholinesterase activity is 
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Fig. 3. Characterization cf inflammatory processes in 12-month- 
old APP 23 transgenic mice. Immunostaining with a GFAP-specific 
antibody (A) indicates hypertrophic astrocytes. Activated microglia 
are visualized by immunostaining with a MAC-1 antibody (B) and a 
phosphotyrosine antibody (C). Both glia cell types are intimately 
associated with A/3 deposits. (Bar - 50 pm.) 

found throughout the amyloid plaques and in enlarged neurites 
at the plaque periphery (Fig. 44). 

Congophilic Plaques Are Surrounded by Distorted Neurites 
Containing Hyperphosphorylated Tau. When examined for 
aspects of neurofibrillary pathology, hyperphosphorylated mi- 
crotubule-associated protein tau can be detected in transgenic 
mouse brains of both lines. Immunostaining with the AT8 
antibody is exclusively associated with Congo Red-positive 
plaques in APP 22 and APP 23 mice. It highlights structures 
resembling distorted neurites surrounding the core of the 
deposits ( Fig. 5 A and B). Similar reactions are obtained with 
the antibodies PHF1, R27, and R32 (data not shown), which 
recognize distinct phosphoepitopes of tau. Interestingly, the 
Alz50 antibody also shows a similar staining pattern ( Fig. 5C). 
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Fig. 4. Degenerative processes in APP 23 mice. {A and B) Staining 
for acetylcholinesterase in 12-month-old transgenic and control mice, 
respectively. A local distortion of cholinergic fibers in the plaque 
vicinity {A) compared with normal animals (B) can be noted. Neuritic 
spheroids (arrows) are stained with the neurofilament antibody NF200 
(C). The loss of pyramidal neurons in the vicinity of A/3 deposits in 
area CA3 is shown in D by toluidine blue staining. (Bars = 50 ^m.) 

These antibodies do not stain sections from nontransgenic 
littermate controls. We failed to detect neurofibrillary tangles 
by the method of Gallyas. 

Hyperphosphorylated Tau Can Be Detected Biochemically 
in Brain Extracts of APP 23 Mice. The increased phosphor- 
ylation of tau can also be demonstrated on imrnunoblots of 
brain extracts from APP 23 mice at 6 months and 15 months 
of age incubated with the AT8 (Fig. 6A ) and the R27 antibody 
(data not shown). Age-matched littermate controls show much 
weaker immunoreactivity that does not increase with age. 
When incubated with phosphorylation-independent antibody 
tau7, no up-regulation of total tau protein is seen in transgenic 
mice (Fig. 6B). The tau phosphorylation therefore appears to 
occur parallel to Ap peptide deposition. 

DISCUSSION 

Transgenic technology has led to recent advances in the 
generation of animal models developing aspects of AD pa- 
thology (20, 21). In this study we describe transgenic mouse 
lines overexpressing human APP with AD-linked mutations in 
a neuron-specific manner. 

Increasing the total expression of human APP carrying the 
Swedish double mutation to 7-fold above endogenous APP 
leads to an early formation of amyloid plaques in neocortex 
and hippocampus as demonstrated in mice from line APP 23. 
A more than 10-fold overexpression was reported by Games et 
al. (20), whereas Hsiao and colleagues (21 ) describe transgene- 
derived APP levels exceeding endogenous APP by 6-fold. 
Interestingly, different promoter constructs, APP isoforms 
and FAD mutations were used in each study. Although it is 
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Fig. 5. Phosphorylation of tau in the brains of 12-month-old APP 23 transgenic mice. Immunocytochemistry with antibody AT8 was performed 
on free floating sections (40 fim) (A and B). Immunostaining reveals fiber-like structures resembling distorted neurites. Qualitatively similar patterns 
are obtained with the Alz50 antibody (C). [Bars = 100 ^tm (A) and 10 ftm (B and C).] 



difficult to compare the quantification of transgene expression 
in the individual studies, it is tempting to speculate that 
exceeding a certain threshold expression of human APP with 
a FAD-associated mutation is the trigger for plaque-like 
pathology. 



66- 
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FiG. 6. Biochemical detection of hyperphosphorylated tau protein. 
Western blots of brain extracts from APP 23 mice, 6 months (lane 2) 
and 15 months (lane 4) of age and littermate controls (lanes 1 and 3) 
are shown in .4 and B. Blots were stained with antibodies AT8 (A) and 
tau7 (£). Numbers indicate molecular weights of marker proteins in 
kDa. 



Our results also demonstrate that the combination of two 
genetic lesions in the transgenic mice leads to the development 
of AD plaques at a significantly lower expression level. Mouse 
line APP 22 overexpressing APP 2-fold matches the quanti- 
tative and spatial expression of line APP 14 (19). APP 14 mice 
carry the Swedish double mutation only and do not develop 
any obvious pathology up to 2 years of age. APP 22 mice, 
however, which express human APP with the combined Swed- 
ish (8) and London (9) mutations, develop plaques by 18 
months of age. These data also suggest a major contribution of 
the A0-(l-42) species to the development of AD pathology at 
a given expression level. 

Interestingly, the majority of A/3 deposits in APP 22 mice is 
of a diffuse type with a few congophilic plaques in hippocam- 
pus and neocortex. In contrast, APP 23 mice develop almost 
exclusively congophilic plaques already at their first appear- 
ance. These results may be difficult to reconcile with the 
proposed hypothesis (1) that deposits of the diffuse type form 
a precursor for congophilic neuritic plaques. The two de- 
scribed mouse lines, therefore, offer the opportunity to study 
such proposed plaque maturation processes. 

When examined for additional characteristics, the pro- 
nounced glial reaction is apparent in both lines. As in AD, 
proliferating astrocytes can be detected throughout the brain 
and accumulate around deposits (36). Phosphotyrosine, 
MAC-1, MHC class II, and complement C3 immunoreactivity 
is also found. Although considered indicative of activated 
microglia in the brains of AD patients (37), the precise cellular 
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origin of these markers requires further investigation. These 
mice present a suitable model to investigate the pathways of 
inflammatory processes after A/3 formation in detail. 

Besides the general detection of dystrophic neurites in the 
periphery of plaques by anti-neurofilament and anti-APP 
immunoreactivity, a local distortion of cholinergic fibers can be 
observed. The degeneration of cholinergic neurites and the 
association of cholinesterase activity with senile plaques is 
another well-described feature of AD (6, 7, 38) that is repro- 
duced in the transgenic mice, suggesting a causal link between 
A/3 deposition and cholinergic degeneration. 

Most importantly, hyperphosphorylated tau can be detected 
in distorted neurites associated only with congophilic plaques 
in both transgenic mouse lines with several antibodies recog- 
nizing distinct phosphoepitopes of tau. Fibrillary but not 
amorphous A/3 has been reported to induce hyperphosphory- 
lation of tau and loss of microtubule binding in neuronal 
primary cultures (39). Similar changes in tau phosphorylation 
have also been described as early indicators of neurofibrillary 
changes in AD patients (40). The immunoreactivity with the 
Alz50 antibody is further evidence for tau-related pathology. 
This antibody was originally described to recognize an AD- 
specific epitope (35) and is now considered to react with a 
discontinuous epitope of tau that is formed after a conforma- 
tional change of tau associated with polymerization into 
filaments (41). Therefore, one may expect neurofibrillary 
pathology in these mice despite the lack of tangles. This notion 
needs to be confirmed by ultrastructural analysis. A detailed 
ultrastructural study on APP transgenic mice with pathology 
(20), however, did not provide evidence for paired helical 
filaments (42). 

Our two transgenic mouse lines develop distinct features of 
AD pathology and provide model systems to systematically 
investigate the role of the A/3 peptide in the pathogenesis of 
AD. 

H. van der Putten supplied the murine Thy-1 expression cassette. 
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dation. 
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Mutation of the beta-amyloid precursor protein in familial Alzheimer's disease increases 
beta-protein production. 

Citron M, Oltersdorf T, Haass C, McConlogue L, Hung AY, Seubert P, Vigo-Pelfrey C, 
Lieberburg I, Selkoe DJ. 

Department of Neurology, Harvard Medical School, Boston, Massachusetts. 

Progressive cerebral deposition of the 3 9-43 -amino-acid amyloid beta-protein (A beta) is 
an invariant feature of Alzheimer's disease which precedes symptoms of dementia by years 
or decades. The only specific molecular defects that cause Alzheimer's disease which have 
been identified so far are missense mutations in the gene encoding the beta-amyloid 
precursor protein 

(beta-APP) in certain families with an autosomal dominant form of the disease (familial 
Alzheimer's disease, or FAD). These mutations are located within or immediately flanking 
the A beta region of beta-APP, but the mechanism by which they cause the pathological 
phenotype of early and accelerated A beta deposition is unknown. Here we report that 
cultured cells which express a beta-APP complementary DNA bearing a double mutation (Lys 
to Asn at residue 595 plus Met to Leu at position 596) found in a Swedish FAD family 
produce approximately 6-8-fold more A beta than cells expressing normal beta-APP. The Met 
596 to Leu mutation is principally responsible for the increase. These data establish a 
direct link between a FAD genotype and the clinicopathological phenotype. Further, they 
confirm the relevance of the continuous A beta production by cultured cells for 
elucidating the fundamental mechanism of Alzheimer's disease. 
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Amyloid deposition as the 
central event in the aetiology of 

Alzheimer's disease 



John Hardy and David Allsop 



While there may be many causes of Alzheimer's disease (AD), the same 
pathological sequence of events, described here by John Hardy and David 
Allsop z> likely to occur in all cases. The recent discovery of a pathogenic 
mutation in the fi-amyloid precursor protein (APP) gene on chromosome 21 
surest* that APP mismetabolism and fi-amyloid deposition are the primary 
events in the disease process. The occurrence of AD in Down syndrome is 
consistent with this hypothesis. The pathological cascade for the disease 
process is most likely to be: fi-amyloid deposition -> tan phosphorylation and 
tamle formation - neuronal death. The development of a biochemical 
understanding of this pathological cascade will facilitate rational design of 
drugs to intervene in this process. 



Alzheimer's disease (AD) is the 
fourth major cause of death in the 
developed world after heart dis- 
ease, cancer and stroke. It is 
largely, but not exclusively, a dis- 
ease of the elderly and has been 
estimated to afflict 1-6% of those 
aged over 65 years. Demographic 
changes (the falling birth rate and 
ageing of the baby boom that 
followed World War 1) mean that 
the prevalence of the disease is 
increasing. Typically, AD begins 
insidiously with memory prob- 
lems, which become progress- 
ively worse until sufferers are 
bedridden, doubly incontinent, 
and have completely lost their 
presymptornatic persona. 

Clearly this disease is a major 
social and health care problem. 
There is no effective treatment, 
and for the majority of patients 

/. llardv is Senior Lecturer in the Department 
of Biochemistry and Molecular Genetics, Si 
Mary's Hospital Medical School. London VV2 
IPG, UK. and P. Allsop is Lecturer in the 
Division of Biochemistry, School of Biology 
and Biochemistry, Queen's University of 



there is no certain means of diag- 
nosis other than brain biopsy. It is 
only recently that advances in 
molecular genetics have begun to 
shed some light on the causes of 
the disease, although it has long 
been recognized that persons with 
trisomy 21 (Down syndrome) 
inevitably develop the full neuro- 
pathological changes of advanced 
AD by their fourth or fifth decade. 

The finding of an amyloid pre- 
cursor protein (APP) gene mu- 
tation in familial AD (see below) 
now makes it clear that deficits 
in neurotransmitters, transmitter- 
metabolizing enzymes and recep- 
tors are a consequence of amyloid 
deposition (or abnormal APP 
processing) and not the initial 
cause of the disease. Therapeutic 
approaches to AD based on in- 
creasing the levels of acetylcholine 
in the brain have not met with 
great success, despite claims to 
the contrary, and drug develop- 
ment in the future may turn 
towards compounds designed to 
inhibit the formation of amyloid 



toxic activity of abnormal APP 
fragments, or interfere with the 
sequence of events linking amy- 
loid deposition and aberrant APP 
processing to neuntic alteration, 
neurofibrillary tangle formation 
and cell death. 

If this type of therapeutic ap- 
proach could be applied in the 
early stages of the disease, before 
significant damage has accrued to 
neuronal systems, then there is 
good reason to hope that this 
might halt or slow the progression 
of the disease. For these reasons, 
an understanding of the role of 
amyloid formation and senile 
plaque development in AD is 
of considerable importance to 
pharmacologists. 

Pathological features 

The pathology of the disease is 
complex. There are three well- 
known sites of abnormal fibrous 
protein deposits within the brains 
of AD patients. These are the 
senile plaques, the neurofibrillary 
tangles and the walls of cerebral 
blood vessels. There is also exten- 
sive neuronal damage and loss. 
All of these features are also 
found, usually to a lesser degree, 
in the 'normal' elderly. Thus the 
relationship between AD and 
'normal' ageing remains unclear. 
There has been much debate 
about the relative importance of 
these different pathological 
features and how they relate to 
each other. This article reviews 
the present understanding of the 
molecular pathology of these 
lesions and the aetiology of the 
disease. 

Senile plaques 

The classical senile plaque con- 
sists of a central core of radiating 
amyloid fibrils surrounded by a 
rim of dystrophic neurites to- 
gether with reactive microglia and 



signal 
peptide 



cysteine 

-rich 

region 



56 amino acid 
Kunitz-type 
protease 
inhibitor 



acidic 
region 



19 amino acids, 
homologous to MRC 
OX-2 antigen 



0 18 




APP-770 
APP-751 



out 

Dutch CAA 
Glu to Gin 

17 / 



secretory forms of APP-751 & 
APP-770 = protease nexin II, 
involved in growth regulation 
and cell adhesion 37 



Fig. 1. Domain structure and functional map of Alzheimer 
amyloid precursor protein (APP) showing location of /5/A4 
region (S). Only the three most abundant isoforms are 
shown (APP-695, -751 and -770); minor isoforms include 
hpp.j}4 ( W jth 19 amino acid insert) and the APP-563 
form which lacks the ^A4, transmembrane and cyto- 
plasmic regions [de Sauvage, F, and Octave, J. N. (1989) 
Science 245, 651-653]. Amino acid substitutions in fam- 
ilial AD and Dutch CAA (cerebral amyloid angiopathy) 
are indicated, and two arrows mark glycosylation sites. 
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term used to describe a group of 
chemically heterogeneous pro- 
teins found in a number of dif- 
ferent diseases and tissues. All 
amyloid deposits are composed at 
the^ultrastructural level of straight, 
unbranching fibrils of 6-10 nm 
diameter, and the deposits also 
share common properties of 
Congo red birefringence and 
resistance to proteolysis. These 
properties have been ascribed to a 
predominant cross-p structure in 
the constituent polypeptide 
chains. 

Ammo acid sequencing of 
senile plaque amyloid A4 protein 1 
revealed it to be essentially the 
same as the cerebrovascular amy- 
loid P protein originally isolated 
from meningeal blood vessels by 
Glenner and Wong 2 The 39-42 
amino acid senile plaque or cer- 
ebrovascular amyloid peptide will 
be referred to here as p/A4. 

Molecular cloning has indicated 
that p/A4 is a small fragment of a 
much larger amyloid precursor 
protein (APP) 3 (see Fig. 1). This 
precursor is predicted to have 
a single membrane-spanning 
region with a long extracellular 
KMermmal segment and a short 
intracellular C-termmal tail. The 
p/A4 sequence begins close to the 
membrane on the extracellular 
side and ends part-way through 



the putative transmembrane 
region. 

There are at least five alternative 
transcripts of the APP gene, some 
of which contain an internal 
Kunitz-type protease inhibitor 
insert 4 . ' Significantly, the APP 
gene w r as localized by several 
groups to chromosome 21. Poss- 
ible functions of APP and its role 
in the pathogenesis and aetiology 
of AD are considered further 
below. 

Over the past few years consider- 
able attention has been focused 
on a previously poorly described 
type of plaque-like lesion that 
cannot be detected easily using 
routine Congo red, thioflavin or 
silver stains. These 'diffuse' 
plaques can be seen as an area 
of granular staining after an im- 
munohistochemical reaction with 
antibodies to p/A4. Most diffuse 
plaques show no association 
with abnormal neurites or reactive 
glial cells. They are often the only 
form of senile plaque found in 
cases of Down syndrome below 
the age of 35 (Ref. 5), and substan- 
tial numbers have even been de-^ 
tected in a 13 year old Dowrf' 
syndrome patient b . Ultrastructural 
observations of these lesions have 
revealed few or no amyloid fibrils, 
leading to the proposal that they 
may be accumulations of 'pre- 



amvloid' (p/A4, APP or fragments 
of APP not yet in a fibrous form) 7 . 

These observations suggest that 
diffuse plaques are an early stage 
of plaque formation and that the 
deposition of p'A4 (or its pre- 
cursor) precedes any obvious 
neuntic pathology. Abundant dif- 
fuse plaques have also been 
found in the brains of ex-boxers 
with dementia pugilistica 6 . In 
AD. diffuse plaques are usually 
more numerous and widespread 
throughout the CNS than typical 
senile plaques (e.g. they are often 
found in the spinal cord and cer- 
ebellum) implying that they can 
evolve into typical neuritic 
plaques only in specific brain 

q 10 

regions" . 

The dystrophic neurites sur- 
rounding the amyloid core of a 
mature senile plaque contain 
paired helical filaments (PHFs) - 
pairs of filaments 10 nm in dia- 
meter, wound into a left-handed 
helix with a cross-over approxi- 
mately every 80 nm. These PHFs 
also constitute the mam structural 
element of the neurofibrillary 
tangle 11 . 

Neurofibrillary tangles and 
neuropil threads 

Neurofibrillary tangles of PHFs 
are found inside dying neurons. 
There has been much debate and 
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confusion concerning the bio- 
chemical make-up of these lesions. 
Direct protein chemical analyses 
of isolated PHF preparations have 
identified ubiquitin, (3/A4 and the 
microtubule-associated protein, 
tau, as potential constituents, 
while immunohistochemical stud- 
ies have shown that neurofibril- 
lary tangles share epitopes with 
these proteins and with neuro- 
filament components and another 
microtubule-associated protein, 
MAP 2 (reviewed in Ref. 12). 

It has been suggested that PHFs 
are composed of (3/A4, but this 
remains highly controversial. It is 
now clear that some extracellular 
'tombstone' tangles (where the 
surrounding neuron has com- 
pletely degenerated) do indeed 
react with antibodies to (3/A4 (Ref. 
13). However, recent ultrastruc- 
tural observations suggest that 
this finding is due to the second- 
ary deposition of amyloid fibrils 
on the surface of exposed tangles 
rather than any intrinsic contri- 
bution of (3/A4 to PHF structure 14 . 

A report appearing to confirm 
that intracellular tangles can be 
immunostained with antibodies 
to p/A4 15 must also be treated 
with caution, since this finding 
could be due to APP within the 
cell, possibly trapped inside or 
adsorbed onto the surface of the 
tangle. APP is synthesized in the 
neuronal cell body and normally 
undergoes fast anterograde axonal 
transport 16 . Large bundles of PHF 
in the cytoplasm might interfere 
with this process and lead to an 
abnormal accumulation of APP 
within the perikarya of affected 
cells. This might also explain the 
finding of Yamaguchi et al. 17 , who 
have recently described APP-like 
immunoreactivity of intracellular 
tangles. 

Many of the chemical studies on 
tangle composition suffer from the 
lack of sufficient quantitative data 
on protein recovery 7 and yields of 
amino acid residues obtained 
during sequencing. Thus it is not 
always clear if the reported amino 
acid sequences relate to major 
PHF components or minor con- 
taminants (e.g. co-purifying amy- 
loid fibrils). The most convincing 
data suggest that PHFs consist, at 
least in part, of an abnormally 
phosphorylated fragment of one 
or more isoforms of tau protein 18 . 
However, it has been claimed that 



about 10% of the mass of PHFs, 
and the remainder is unknown 12 . 
There is scope for further protein 
chemical analyses of PHFs. 

A third site of PHF accumu- 
lation in the brain in AD is inside 
tau J ^nmunoreactive, slender, ar- 
gyrophilic fibres found scattered 
throughout the allocortical and 
isocortical neuropil. Some of these 
'neuropil threads' 19 or 'curly 
fibres' 20 have been shown to be 
the dendrites of tangle-bearing 
neurons 21 ; however, they are con- 
sidered by Ihara 20 to be dendritic 
growth cones attempting a mass- 
ive regenerative response. 

Neuronal loss 

The distribution of neuronal 
damage and loss has never been 
thoroughly and formally quanti- 
fied; the clearest description of 
this pathology is given by Brun 
and colleagues (reviewed in Ref. 
22). Two important points may be 
gleaned from the distribution of 
neuronal loss: the first is that the 
affected neurons do not share any 
particular transmitter or any other 
biochemical marker tested so far 
(deficits have been found in 
cholinergic, noradrenergic, sero- 
tonergic and dopaminergic sys- 
tems, as well as in amino acid and 
peptide neurotransmitters); the 
second is that the selectivity 
of neuronal loss appears to be 
anatomically determined. In par- 
ticular, the suggestion that the 
pathology spreads along neuronal 
pathways is a particularly attrac- 
tive way to explain the distri- 
bution of neuronal damage and 
loss 22 . 

Aetiology of Alzheimer's disease 

A large number of epidemio- 
logical studies have consistently 
shown that family history is a risk 
factor for developing AD 23 . In 
addition there are numerous re- 
ports of families in which Alz- 
heimer's disease is inherited as an 
autosomal dominant disorder 
(reviewed in Ref. 24). Genetic 
linkage studies showed that the 
pathogenic locus for some families 
was on the proximal long arm of 
chromosome 21 (Ref. 25), although 
in other families there was no 
evidence for a lesion on this 
chromosome 26 . 

It is now clear that one locus on 
chromosome 21 is the APP gene, 
and that a mutation in this gene 



leucine for valine at codon 717 
(residue 642 in APP-695) (Fig. 1> 
gives rise to the disease in some 
families 27 . An alternative mu- 
tation resulting in a substitution 
of glutamine for glutamic acid at 
codon 693 (residue 618 in APP- 
695) results in the deposition of (3/ 
A4 amyloid in the walls of cerebral 
blood vessels, invariably leading 
to death at an early age due to 
massive cerebral haemorrhage 28 
Patients with the latter disorder 
(cerebral amyloid angiopathy of 
Dutch type) sometimes also de- 
velop diffuse plaques in the brain 
but there are no significant num- 
bers of typical senile plaques or 
neurofibrillary tangles. Neither of 
these APP mutations has been 
found in the general population, 
and the APP717 mutation has now 
been detected in English, North 
American and Japanese families 
with early onset AD"' . 

It is likely that further alterna- 
tive APP gene mutations remain 
to be discovered in other kindreds 
with autosomal dominant familial 
AD. Linkage with other genetic 
markers on or outside chromo- 
some 21 could be explained by 
mutations in regions of DNA con- 
trolling APP gene expression or in 
genes coding for proteins having 
some influence on APP metab- 
olism (e.g. APP-processing en- 
zymes or their inhibitors). 

"it should be stressed that the 
proportion of cases in which AD 
is acquired as a single-gene, auto- 
somal dominant disorder is very 
low and there is a substantial 
body of evidence indicating that 
the neuropathological changes of 
AD can also be triggered (most 
likely in genetically susceptible 
individuals) by various environ- 
mental factors. Potentially import- 
ant factors include aluminium ex- 
posure, head trauma (ci. boxers' 
brains 8 noted above), and virus 
infections. However, the fact that 
an APP gene mutation can give 
rise to all of the neuropathological 
hallmarks of AD without any pre- 
ceding underlying neuronal path- 
ology or any other defect strongly 
suggests that amyloid mismetab- 
olism and deposition is the semi- 
nal event in the pathogenesis of all 
cases of AD. 

Functions of APP and mechanism 
of p/A4 formation 

APP is expressed at high levels 




Fig 2 Plaques from cases of Down syndrome, stained by a sensitive methenamine 
silver 'technique with Nissl counterstain. Note that amyloid or l pre-amyioid' deposits in 
diffuse plaques (a, b, c) are frequently seen to accumulate around neuronal cell bodies 
(asterisks) and dendrites, but show no obvious relationship with capillary blood vessels 
(black arrow) These photographs show a possible progression of stages, the white 
arrow in d indicating the dense amyloid core of a fully-developed plaque. Taken from 
Ailsop D etal (1989) NeuropatnoL Appl. Neurobioi 15, 531-542, with permission. 



out the body In most tissues, 
transcript APP-770 is the most 
abundant, but in the CNS the 
transcript lacking the protease 
inhibitor domain (APP-695) is 
predominant. This leaves a num- 
ber of important unanswered 
questions. What are the physio- 
logical functions of the various 
APP isoforms, and why is APP- 
695 so abundant in brain tissue? 
From which tissue source(s) and 
isoform(s) of APP is the amyloid 
in the brain derived? Where does 
the conversion of APP into amy- 
loid take place and what are the 
molecular mechanisms involved? 
How do the APP gene mutations 
mentioned above lead to brain 
amyloidosis? These questions are 
presently the subject of intense 
investigation, and answers to 
some of them are only just be- 
ginning to emerge. 

Secreted forms of APP 

Soluble, secretory derivatives of 
APP can be produced by proteo- 
lytic cleavage within the (VA4 
sequence close to the extracellular 
side of the membrane. These have 
been detected in cerebrospinal 
fluid 30 ' 31 , the conditioned media 



of various cell cultures 30 , and in 
human serum 32 . Most of the se- 
cretory APP circulating in the 
blood probably originates from 
platelets 33 ' 34 . Human embryonic 
kidney cells transfected with 
cDNA constructs encoding full- 
length forms of APP-695 and APP- 
751 release secretory forms of APP 
that terminate at residue Glnl5 of 
f>/A4, leaving behind a C-terminal 
membrane-bound fragment com- 
mencing at Leul7 (Ref. 35; Fig. 1). 
This suggests that an y APP 
secretase' cleavage enzyme acts at 
either the Glnl5-Lysl6 or Lysl6- 
Leul7 bonds, leaving Lysl6 to be 
excised by an aminopeptidase or 
carboxypeptidase, respectively. 

In AD an alternative or abnor- 
mal pathway of APP proteolysis 
(involving cleavage at two sites on 
either side of (3/A4) must liberate 
the amyloid peptide. Experiments 
with synthetic [3/A4 peptides 
indicate that the liberated peptide 
could spontaneously aggregate 
into amyloid fibrils (reviewecr in 
Ref. 12). At present the identity of 
the proteolytic enzymes involved 
m the 'normal' and 'abnormal' 
APP-processing pathways is un- 
known, although some prelimi- 



been reported (reviewed in Ref. 
36). 

Physiological functions of APP 

These appear to include pro- 
tease inhibition and a role in eel] 
adhesion and the regulation of eel] 
growth (Fig. 1). Secretory forms of 
APP containing the Kumtz in- 
hibitor insert have the same 
N-termmal sequence, molecular 
mass and properties as protease 
nexin II, a growth-regulating mol- 
ecule secreted by fibroblasts 37 , 
Secretory APP/nexm II can form 
stable complexes with several 
serine proteases, such as trypsin 
and chymo trypsin, and m the 
blood this species conceivably 
plays a role in the physiological 
events associated with blood clot- 
ting, by inhibiting appropriate 
coagulation pathway enzymes 
including coagulation factor 
Xla (Ref. 38). 

Allsop et al 39 suggested that the 
structural organization of APP 
resembles the epidermal growth 
factor precursor and speculated 
that the (3./A4 peptide might show 
biological activity. Subsequently, 
synthetic (3/A4 peptides of various 
lengths were shown to exhibit 
neurotrophic or neurotoxic ac- 
tivity (Fig. 1). 

A recent report suggests that 
this property resides in residues 
25-35 of [3/A4, a region showing 
homology with the tachykinin 
family of neuropeptides 40 . A |3/A4 
25-35 peptide proved to be 
trophic at low concentrations to 
undifferentiated rat hippocampal 
neurons but toxic at higher con- 
centrations to mature neurons. 

These effects were mimicked by 
substance P antagonists and re- 
versed by substance P agonists, 
implying' that they are mediated 
by a tachykinin receptor 4 ' 1 . Sub- 
sequently, the neurotoxic potency 
of (3/A4 was reported to be 
greatly enhanced by nerve growth 
factor 41 . These reports await 
confirmation. 

Intact APP promotes cell-sub- 
stratum adhesion of both neur- 
onal and non-neuronal cells. Such 
APP-mediated adhesion can be 
specifically inhibited by anti- 
bodies directed against residues 
1-16 of p/A4,. suggesting the 
presence of a cell adhesion site 
within this region 42 . This might 
also explain the earlier findings of 
binding sites for a p/A4 8-17 pep- 
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Fig. 3. Suggested pathogenic pathway for the progression of Alzheimer's disease. 



tide in human adrenal gland and 
in the islets of Langerhans of the 
pancreas 3 *. These observations 
have recently been extended to 
include high-affinity binding 
sites (with a K d in the picomolar 
range) in rat brain 43 . Thus APP 
seems to be a molecule with at 
least three functionally important 
domains: protease inhibitor, 
growth regulatory site and cell 
adhesion site. The size and nature 
in vivo of all of the physiologically 
active fragments of APP that 
express these properties is not 
clear. 

Amyloid deposition 

In Down syndrome, amyloid 
deposition might be a conse- 
quence of an excessive amount 
of APP (due to a 50% increase in 
gene dosage) causing overloading 
of the normal proteolytic process- 
ing pathway and metabolic diver- 
sion into the alternative amyloid- 
generating pathway 6 . 

The APP693 mutation in cer- 
ebral amyloid angiopathy of 
Dutch type lies within six resi- 
dues of the normal proteolytic 
cleavage site, while the APP717 
mutation in familial AD is four 
residues past the C-terminus of 
the (3/A4 region (Fig. 1). One 
simple hypothesis is that these 
mutations somehow directly in- 
fluence APP proteolysis and lead 
to inappropriate degradation and 
p/A4 deposition. 

An alternative explanation for 
the effects of the APP693 mutation 
is that the 'abnormal' processing 
pathway does in fact exist to some 
extent in normal brain, but the 
(3/A4 peptide with the glutamate- 
to-elutamine substitution has a 



amyloid fibrils (i.e. is more 'amy- 
loidogenic') than the normal 
peptide. 

This second explanation ap- 
pears not to apply to the APP717 
mutation since it lies just outside 
the (3/A4 region. However, the 
amyloid from familial cases of AD 
with this mutation has not yet 
been isolated and sequenced, and 
it is possible that the p/A4 peptide 
in these patients is extended be- 
yond 42 residues to include the 
mutated amino acid. In this regard, 
it may be significant that in other 
chemical classes of amyloid where 
there is a point mutation (e.g. 
transthyretin, cystatin C) the de- 
posited' fibrils always contain the 
mutated residue. A major problem 
in determining the molecular ef- 
fects of the APP amino acid sub- 
stitutions will be that any alter- 
ations in processing need only be 
marginal to account for the slow 
build-up of (3/A4 amyloid over 
decades. 

The origin of the (3/A4 amyloid 
is -a contentious issue, with most 
advocates supporting either a vas- 
cular or a neuronal source for the 
APP. In the case of the senile 
plaque amyloid, the balance 
seems to be shifting decidedly in 
favour of a neuronal origin. APP is 
expressed at high levels in neur- 
ons, and the neuritic elements of 
typical senile plaques have been 
shown to react with antibodies to 
various regions of APP 44 ' 5 . 

Observations of diffuse (pre- 
sumably early) plaques have con- 
sistently failed to reveal any close 
spatial relationship with blood 
vessels. On the -contrary, most dif- 
fuse plaques in Down syndrome 
and AD seem to be composed 



reactive material decorating neur- 
onal soma and dendrites of local 
pyramidal neurons (Fig- 2). 

Progression of disease 

The fact that the typical senile 
plaque is intimately associated 
with abnormal neuritic elements 
containing PHF suggests that 
plaques and tangles do not arise 
independently but that formation 
of one leads 'to formation of the 
other. The discovery of an APP 
gene mutation in cases of familial 
AD with both senile plaques and 
neurofibrillary tangles implicates 
the former as the primary lesion. 

This conclusion is supported by 
the temporal sequence of events 
deduced from cases of Down syn- 
drome of different ages. Diffuse 
plaques are the first detectable 
lesion in Down syndrome - 
where they clearly pre-date neuro- 
fibrillary tangles, cerebrovascular 
amyloidosis, or any discernible 
neuritic change. Later, typical 
senile plaques with a surrounding 
neuritic response appear, and 
these are accompanied by neuro- 
fibrillary tangles and the closely 
associated neuropil threads. It is 
only later, after the age of 50, that 
any gross atrophy and loss of 
neurons are evident 46 . 

This allows a probable patho- 
genic pathway for AD to be de- 
lineated (Fig. 3) running from (5/ 
A4 amyloid formation and de- 
position, through neurofibrillary 
tangle formation, to cell loss and 
clinical presentation. Presumably, 
both the disruption of synaptic 
connections associated with senile 
plaque formation and the death of 
tangle-bearing neurons contribute 
to the syndrome of dementia. 

thp nossibilitv that 



neurotoxic fragments or Arr can 
cause - neuronal death indepen- 
dently of plaque and tangle for- 
mation. 

The neurotrophic/neurotoxic 
properties of p/A4 (or other APP 
fragments) may account for the 
secondary neuritic changes that 
take place around the developing 
senile plaque. At least some of the 
PHF-containing dystrophic neur- 
ites in the plaque periphery are 
likely to be connected to tangle- 
bearing neuronal perikarya, prob- 
ably via neuropil threads although 
this has not been examined in 
detail. 

As noted above, neurofibrillary 
tangles are thought to contain an 
abnormally phosphorylated frag- 
ment of tau protein. It is not yet 
clear whether abnormal phos- 
phorylation precedes or follows 
tau deposition, but a likely se- 
quence of events is that exposure 
to abnormal fragments of APP , 
possibly p/A4 itself, leads to 
hvperphosphorylation of tau, 
which then polymerizes to form 
stable PHF. While this process 
may be reversible in its^ early 
phases, it becomes irreversible as 
other modifications of PHF (such 
as ubiquitination) occur. 

One possible route towards ab- 
normal phosphorylation is chronic 
disturbance of Ca 2+ homeostasis 
mediated by the neurotoxic proper- 
ties of (3/A4. The precise molecular 
details explaining the connection 
between (3/A4 amyloid deposition 
and neurofibrillary tangle for- 
mation is one important focus for 
further research. 

Selectivity of cell death 

The above sequence of events 
provides a basic outline of the 
processes that lead to plaque and 
tangle formation and to cell death 
in AD. However, it is difficult to 
understand why the distribution 
of the pathology is not generalized 
but seems to be centred on the 
hippocarnpal/amygdala complex 
early in the disease, and then 
seems to spread out from there 
along neuronal pathways". 

Too little is known about the 
distribution, biochemistry and 
functions of APP or neuronal net- 
works to formulate an hypothesis 
about the underlying basis for this 
selective vulnerability. It may be 
that the disease process starts in 
the hippocampus because this is 
an area in which synaptic re- 



occurs to the greatest extent. Al- 
ternatively, Yankner et al 47 have 
recently suggested that selective 
vulnerability in AD can be ex- 
plained by' a neurotoxic inter- 
action between (3/A4 and nerve 
growth factor. They have stated 
that |3/A4 can induce the pro- 
duction of NGF receptors in cer- 
tain rat hippocampal neurons, 
which are then selectively vulner- 
able to the neurotoxic effects of 
P/A4. 

Whatever the explanation tor 
primary vulnerability, two factors 
may be important in the sub- 
sequent spread of the pathology: 
electrical signalling along neur- 
onal pathways, or the transfer of 
pathogenic molecules between 
neurons. In this respect, the fact 
that APP is transported along 
axons may be relevant 15 . 

A detailed" ^molecular under- 
standing of the pathological cas- 
cade outlined above will permit 
the design of novel drugs to inter- 
vene at various points in this 
process. The recent finding that 
diffuse plaque formation can be 
induced in mice by overexpression 
of APP in transgenic animals 5 
may provide one suitable model 
for "testing some of these drugs. 
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The seminal role of beta-amyloid in the pathogenesis of 
Alzheimer disease. 

Joachim CL, Selkoe DJ. 

Department of Neuropathology, Radcliffe Infirmary, Oxford, England. 

New molecular information about Alzheimer disease (AD) is appearing at an 
unprecedented rate. Much interest centers on the beta A4 amyloid protein, 
which is progressively deposited in senile plaques and blood vessels in AD 
brain tissue. The discovery that some kindreds with familial AD have a 
mutation in the gene coding for the beta A4 amyloid precursor protein (APP) 
suggests that this mutation alone may be sufficient to cause the full spectrum 
of clinical and pathological changes that characterize AD. Although APP 
point mutations may turn out to be relatively rare causes of AD, the idea that 
accelerated beta A4 deposition is an early and critical event in many patients 
continues to gain support from studies in humans, animals, and cultured cells. 
Identification of the biochemical steps leading to production of the beta A4 
peptide from APP is now a critical issue. Recent reports indicate that normal 
lysosomal processing pathways can produce carboxyl-terminal fragments of 
APP that contain the entire beta A4 sequence, and are therefore potentially 
amyloidogenic. The mechanisms by which such intermediate forms are 
further processed and released, resulting in extracellular beta A4 deposits in 
plaques and vessels, are yet to be determined. It is likely that full elucidation 
of the beta A4-producing pathways will ultimately yield new therapeutic 
approaches to this complex and tragic disorder. 
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□ l: Science. 1991 Jul 19;253(5017):323-5. Related Articles, Lin 

Comment in: 

• Sci ence. 1992 Mar 1 3:255(505 0): 144 3-5. 

Deposits of amyloid beta protein in the central nervous system o 
transgenic mice. 

Wirak DO, Bayney R, Ramabhadran TV, Fracasso RP, Hart JT, Hauer 
PE, Hsiau P, Pekar SK, Scangos GA, Trapp BD, et al. 

Molecular Therapeutics Inc., Miles Research Center, West Haven, CT 06516 

Alzheimer's disease is characterized by widespread deposition of amyloid in 
the central nervous system. The 4-kilodalton amyloid beta protein is derived 
from a larger amyloid precursor protein and forms amyloid deposits in the 
brain by an unknown pathological mechanism. Except for aged nonhuman 
primates, there is no animal model for Alzheimer's disease. Transgenic mice 
expressing amyloid beta protein in the brain could provide such a model. To 
investigate this possibility, the 4-kilodalton human amyloid beta protein was 
expressed under the control of the promoter of the human amyloid precursor 
protein in two lines of transgenic mice. Amyloid beta protein accumulated in 
the dendrites of some but not all hippocampal neurons in 1 -year-old transgen 
mice. Aggregates of the amyloid beta protein formed amyloid-like fibrils tha 
are similar in appearance to those in the brains of patients with Alzheimer's 
disease. 
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